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Abstract 
In This paper Cd1-xZnxTe nanocrystals were synthesized in aqueous phase, in presence of TGA as stabilizer. The samples have 
been characterized by X-ray diffraction (XRD) which confirmed that the alloyed nanocrystals were formed and crystal structure 
is FCC. The synthesis temperature effect on linear optical properties of the nanocrystals has been studied by UV-Vis absorption 
and Photoluminescence (PL) spectroscopy. It can be observed a red shift in emission and absorption peaks by increasing the 
synthesis temperature. All obtained samples display a narrow PL and sharp absorption spectra. Nonlinear indices of Cd1-xZnxTe 
nanocrystals were defined by the Z-scan technique using CW He-Ne laser (Ȝ = 632.8 nm). The results reveal that these 
nanoparticles exhibit strong NLO effect such as self-defocusing and two photon absorption. The Z-scan results show that by 
increasing the synthesis temperature, the nonlinear coefficients were reduced. 
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1. Introduction 
Synthesis of ternary alloyed nanocrystals is a new approach to produce II-VI luminescent semiconductor 
nanocrystals that opens up new perspectives in engineering materials with different electronic and optical properties; 
and only a limited number of studies have been reported for preparation of alloyed nanocrystals via chemical routs 
[1]. Much less information is available for ternary alloyed nanocrystals delivering water soluble. In this research, 
CdZnTe nanocrystals were synthesized successfully in aqueous media. Our method is of particular interest due to 
low temperature, simple facilities, low cost and bio compatible. Also, influence of synthesis temperature on linear 
and nonlinear optical properties of the nanocrystals is evaluated. Z -scan technique, which has emerged over the past 
decade as a powerful method to determine the sign and magnitude of nonlinear refraction and nonlinear absorption 
of species, has been employed to study the nonlinear responses of Cd1-xZnxTe nanoparticles [2, 3]. 
2. Experimental 
Colloidal Cd1-xZnxTe nanocrystals were prepared by the reaction between Cd2+ and Zn2+ with sodium hydrogen 
tellurium (NaHTe) solution, using NabH4(>98.0%), tellurium powder (99%), thioglycolic acid (TGA) (97%), 
3CdSO4.8H2O (99%), Zn(CH3COO)2.2H2O, NaOH in D.I.water and then refluxing the result mixture solution. In 
this work, synthesis temperature verified from 80 to 125oC. X-ray diffraction pattern was carried out by Philips 
MRD X’pert Pro system with Cu KĮ radiation (Ȝ=1.54056 nm). The photoluminescence (PL) measurements were 
performed by an Avantes spectrometer (Ava Spec-2048 TEC) and the UV-vis absorption spectra were measured by 
a UNICO spectrophotometer (UV-4802). All the measurements were performed at room temperature. 
Fig. 1 shows a schematic diagram describing the setup we used for the z-scan experiments. The CW He:Ne laser 
was focused by a focusing lens with f=8 cm focal length. The beam waists were measured to be about 28 m. 
 
Fig. 1. Experimental close aperture z-scan setup 
 
The optical nonlinearities of Cd1-xZnxTe nanoparticles were measured by using a z-scan experiment setup, with a 
(Continuum Wave) He:Ne laser at 632.8 nm. In the z-scan aperture in the far field is measured by a detector, which 
is a function of the sample position z with respect to the focal plane. As the sample moves along a motor track near 
the focal point, the change in the transmitted light with excitation intensity was recorded by power meter ˵s detector. 
An aperture was fixed at the distance of 110 cm from the focal plane (closed-aperture scheme).  With this procedure 
we generate z-scan signatures, and the transmittance change between peak and valley ǻTp-v can be extracted from 
them. Using the expression 
0
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We can obtain the induced nonlinear phase by below equation 
020 InkLeff 'I                   (2) 
Where Ȝ is the wavelength, L is the sample length, I0 is the intensity at focus and n2 is nonlinear refractive index. 
The nonlinear behavior of the sample is equivalent to the formation of an induced positive or negative lens for self-
focusing (positive) or self-defocusing (negative) [4, 5]. 
When it was for open aperture measurement, aperture was replaced by a lens to collect all the light into power 
meter ˵ s detector. The second setup, which is open-aperture, yields the nonlinear absorption coefficient (ȕ) was 
measured without an aperture (s=1, the total transmittance without the aperture). The normalized transmittance for 
the open aperture condition is given by 3, 4[4, 5]. 
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3. Result and Discussion 
In this work, Cd1-xZnxTe nanocrystals were synthesized using the colloidal chemistry method. XRD was 
performed on the centrifuged and extracted particles. Fig.2 shows X-ray diffraction pattern of alloyed Cd1-xZnxTe 
nanocrystals for x=0.4. The XRD peaks are broadened due to the nanosized crystalline phases. The peaks 
corresponded to the reflection from (111), (220) and (311) crystalline planes (JCPDS No.50-1439). This pattern 
reveals that they possess a FCC type of crystallographic structure. The diffraction peaks of Cd0.6Zn0.4Te in compare 
to CdTe, shift to larger angels, which may be attributed to the change in cell parameter produced by the difference of 
atomic radii between Zn and Cd. 
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Fig. 2. XRD spectra of Cd0.6Zn0.4Te; CZT peaks (solid line) shift to the bigger angles as compared to CdTe’s(dash line). 
 
Furthermore, the mean diameter of the nanocrystals was also estimated about 2.6 nm, according to the Scherer’s 
equation. We have studied the influence of Synthesis temperature in determining the optical properties of the 
alloyed nanocrystals. The concentration of precursor and the growth time were kept constant, and only the synthesis 
temperature was changed from 80 to 125oC. It was observed in our experiments that the reaction solutions are easy 
to deposit with increasing refluxing time when synthesis temperature was higher than 110oC. It may be due to the 
quick growth and easier conglomeration of nanocrystals at a high temperature. The normalized PL and absorption 
spectra of Cd1-xZnxTe alloyed nanocrystals for x=0.4 that formed at the various temperature are given in fig. 3(a) 
and fig. 3(b), respectively. The red-shift of the absorption and emission spectra of Cd0.6Zn0.4Te nanocrystals with 
increasing synthesis temperature were observed. Meanwhile, the sharp absorption and narrow PL spectra reveals 
highly monodisperse distribution; the symmetric PL spectra indicates few electronic defect sites exist in the alloyed 
nanocrystals. Generally, heating causes slow growth, which is in agreement with “Ostwald ripening” [6]. This result, 
suggests that the size of Cd1-xZnxTe nanocrystals increases gradually with synthesis temperature from 80 to 125oC, 
and in order to avoid the conglomeration of nanocrystals and obtain small nanocrystals, synthesis temperature is 
supposed to be lower than 110oC. 
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Fig. 3. Normalized PL spectra (a) and Absorption spectra (b) of CZT Nanocrystals synthesized at different temperature. 
 
In close aperture z-scan experiment, the input power is 50mW and the value of aperture linear transmittance is 
0.17. The difference between normalized peak and valley transmittance ǻTp-v (denoting Tp -Tv) can be directly 
measured by z-scan technique. We can see a peak-valley shape (Fig. 4), representative of a negative nonlinear 
refractive index (n2<0) and a self-defocusing effect, in these samples. 
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Fig. 4. Normalized close aperture z-scan transmittance of Cd1-xZnxTe nanoparticles for x=0.4 at different temperature 
 
The typical z-scan curve of the sample for an open-aperture (OA) were shown in Fig. 5 ,normalized transmittance 
as a function of the sample position z at peak irradiance I=2.598kW/cm2. The nonlinear absorption coefficients (ȕ) 
were calculated from eqs.3, 4. In open aperture, we have a valley that show the sign of ȕ is negative and the two 
photon absorption is taking placed. 
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Fig. 5. Normalized open aperture z-scan transmittance of Cd1-xZnxTe nanoparticles for x=0.4 at different temperature 
 
The measured nonlinear refraction value, n2, nonlinear absorption value, ȕ and linear absorption, Į at different 
temperature for Cd1-xZnxTe nanoparticles are summarized in Table1. 
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Table 1 
Calculated values of linear absorption coefficient, nonlinear absorption 
coefficient and nonlinear refraction index for Cd1-xZnxTe nanoparticles for x=0.4 
with different synthesis temperature. 
Temperature(oC) Į(cm-1 ) ȕ(cm/W) n2(cm2/W) 
110 1.3 0.92×10-3 1.01×10-8 
95 0.83 1.1×10-3 1.68×10-8 
80 0.6 1.5×10-3 1.72×10-8 
4. Conclusions 
In this paper, Cd1-xZnxTe nanocrystals were synthesized for x=0.4 in aqueous phase with TGA as stabilizer. The 
samples have been characterized by XRD, which confirm that the nanocrystals are formed and crystal structure is 
FCC. The optical properties of the nanoparticles can be affected by synthesis temperature and it can be observed a 
red shift in PL and absorption peaks by increasing the synthesis temperature. All obtained samples display a narrow 
PL and sharp absorption spectra. The nonlinear absorption coefficient and nonlinear refraction coefficient were 
measured for the Cd1-xZnxTe nanoparticles in order of 10-3, 10-8 respectively, by the z-scan technique. The behavior 
and sign of nonlinear absorption coefficient, ȕ, and nonlinear refraction index, n2, are similar in three samples. The 
results show that by increasing the synthesis temperature, the nonlinear coefficients were reduced. 
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